Previous evidence suggests different cortical areas naturally oscillate at distinct 23 frequencies, reflecting tuning properties of each region. The concurrent use of transcranial 24 magnetic stimulation (TMS) and electroencephalography (EEG) has been used to perturb cortical 25 regions, resulting in an observed post-stimulation response that is maximal at the natural frequency 26 of that region. However, little is known about the spatial extent of TMS-induced activation 27 differences in cortical regions when comparing resting state (passive) versus active task 28 performance. Here, we employed TMS-EEG to directly perturb three cortical areas in the right 29 hemisphere while measuring the resultant changes in maximal evoked frequency in healthy human 30 subjects during a resting state (N=12) and during an active sensorimotor task (N=12). Our results 31 revealed that the brain engages a higher dominant frequency mode when actively engaged in a 32 task, such that the frequency evoked during a task is consistently higher across cortical regions, 33 regardless of the region stimulated. These findings suggest that a distinct characteristic of active 34 performance versus resting state is a higher state of natural cortical frequencies.
7 133 regions to those stimulated previously in a study demonstrating distinct frequency responses [14] . 134 To verify anatomical locations of the cortical stimulation sites a T1-weighted MRI of one subject 135 was used and targeted using MNI coordinates in the Brainsight neuronavigation system (Rogue 136 Research Inc., Montreal, Canada). MRI scans were unavailable for the other subjects in this study.
137
High-density EEG recording during TMS. TMS-evoked potentials (TMS-EP) were 138 recorded using an actiCHamp 64-channel amplifier (Brain Products GmbH, Germany) and TMS- 
171
We additionally calculated the modeled electrical field of our TMS stimulator across the 172 different MSO intensities employed. To that end, we conducted electrical field modeling using . Subjects viewed a screen approximately 70-cm away 198 with a grey background and a 5x5 cm fixation cross with a white outline in the center of the screen 199 that gradually changed from a solid black center to solid white, achieving full luminance (Fig 2) .
200 Once the subject perceived the fixation cross to reach full luminance, they pressed a key with their 201 right hand, upon which a single-pulse stimulation was delivered before the next trial automatically 12 248 rather than the average, via single-trial normalization, which has been shown to decrease 249 sensitivity to noise artifacts [24] . All of the calculations outlined below were also calculated on 250 this secondary data set.
251
Global field power. In addition to the analysis of ERSP data, we also calculated global field 252 power (GFP), defined as the reference-independent response strength, and calculated as the 278 When examining the gERSP response, averaged across all electrodes, we observed a combination 279 of increases and decreases in power following TMS. Notably, only the decreases in power 280 survived our cluster-corrected significance threshold, in contrast to the original findings. This 281 finding was observed across both passive and active groups. However, we note that our study used 282 a different design and methods to these previous reports. Most notably, these previous studies 283 stimulated cortical regions at a much higher intensity than ours; in the present study, we sought to 284 reduce the impact of artifact peripheral components in the TMS-EP [28] . In doing so, our 285 stimulation intensities were far lower than that used previously. Nevertheless, the difference in 286 evoked frequency response between conditions, our modeling findings, and behavioral differences 287 in the active group between motor cortex stimulation and other sites suggest that our stimulation 288 intensities were sufficient for inducing activity in cortical columns.
289
Crucial differences were observed between passive and active groups, as well as between 290 the different sites of stimulation. For the passive group, we observed decreases in power that were 291 synchronous with the TMS pulse in the gamma frequency band (40-50 Hz) across all three sites.
292 Across stimulation sites, the gamma desynchronization became longer lasting from posterior to 293 frontal regions, and was further accompanied at the frontal site by a significant decrease in the 14 294 high beta range (20-30 Hz) approximately 100-300 ms after the TMS pulse. In contrast, the active 295 group exhibited a larger desynchronization response across all three sites, extending from the beta 296 to gamma range (Fig 3) . In addition to the spectral response, we also calculated and measured the GFP. Here, as 306 well, we observed no differences between site in the evoked response, nor was there any difference 307 between passive and active groups (Fig 4) . The major finding of the previous work was that the so-called "natural frequency," 314 characterized as the frequency band with the largest sustained response to TMS, increases in a 315 rostro-caudal gradient. Calculating the natural frequency using the same method outlined by the 316 previous authors yielded a range of values across all three sites. Though the individual maximum
